Objective: The aim of this study was to investigate if cognitive behavior therapy (CBT) provided via the Internet results in significant decreases of distress in individuals with tinnitus. Methods: Participants were recruited through Web pages and newspaper articles and thereafter randomly allocated to a CBT self-help manual in six modules or to a waiting-list control group (WLC). All treatment and contact with participants were conducted via the Internet with Web pages and E-mail correspondence. Participants were 117 individuals with tinnitus of duration of more than 6 months. In the first randomized controlled phase of the study, 26 completed all stages of treatment (51% dropout), and 64 of the WLC group completed measures. At 1-year follow-up, all participants had been offered the program and 96 provided outcome measures (18% dropout rate from baseline). Tinnitus-related problems were assessed before and after treatment and at the 1-year follow-up. Daily diary ratings were included for 1 week before and 1 week following the treatment period. Results: Tinnitus-related distress, depression, and diary ratings of annoyance decreased significantly. Immediately following the randomized controlled phase (with a WLC), significantly more participants in the treatment group showed an improvement of at least 50% on the Tinnitus Reaction Questionnaire. At the uncontrolled follow-up, 27 (31%) of all participants had achieved a clinically significant improvement. Conclusions: CBT via the Internet can help individuals decrease annoyance associated with tinnitus. High dropout rates or delay in completing treatment can be a characteristic of treatment studies using the Internet but should be contrasted with the cost effectiveness and accessibility of the Internet.
INTRODUCTION
Tinnitus is the perception of sound in the absence of any external or electrical stimulation and often consists of ringing or buzzing sounds (1) . It can be experienced as extremely disturbing and disruptive to everyday activities and sleep (2) and is reported by 10 -14% of the adult population (point prevalence) (3) . Tinnitus is hence a common complaint, but for a majority of people with tinnitus, it is not a source of great distress. Still, for approximately one third of the adult population with chronic tinnitus, it results in significant psychological suffering, including depression, anxiety, concentration difficulties, and other related difficulties such as noise sensitivity and hearing impairment (2) . Tinnitus often requires specialist consultation, and longitudinal data suggest that the rate of spontaneous improvement is small (3) . Comorbidity with anxiety and depression is not well investigated in representative samples, but studies on clinical samples suggest that tinnitus patients have diagnosable depression and anxiety to a greater extent than the normal population (2) .
For most forms of tinnitus, being associated with sensorineural hearing loss (4) , no cure can be found, and treatment is aimed at ameliorating the suffering caused by tinnitus. A recent theory has advocated stimulation with sound (white-noise generators) slightly below the loudness of tinnitus as a relief, but empirical evidence is lacking (5) . Other treatment alternatives include antidepressants for selected patients with major depression (6) , but apart from that, no medical treatment has been found to be effective (6) . In sum, the outcome of various treatment attempts is largely negative when the aim is to silence the tinnitus (6) . There is, however, evidence to suggest that psychological treatment and proper medical management can decrease the annoyance caused by tinnitus (4) . In particular, cognitive behavior therapy (CBT), originally developed and evaluated with affective and anxiety disorders (7) , has been found to convey coping strategies and relief for tinnitus sufferers (8) . A recent meta-analysis summarized the results from eight small randomized studies and provided support for the use of CBT, in particular, for decreasing the annoyance caused by tinnitus (9) .
Access to the Internet is increasing (10) , and the Internet is often used by patients to access health-related information (11) . It is also becoming an accepted medium for interaction between physicians and patients (12) . Most likely, the Internet will change the way health care is provided in the future, and hence there is an urgent need to evaluate the pros and cons of Internetadministrated treatment. Given the novelty of the me-dium, there is a number of issues exist that evolve when conducting treatment studies via the Internet, such as methods of recruitment, participant characteristics, and on-line behavior, that might differ from face-to-face communication (13) . In a previous randomized controlled study, the effects of Internet-based CBT for headache was evaluated, showing decreased frequency of headache (14) . In this trial, we investigated the effects of CBT provided via the Internet on distress related to tinnitus. The whole study was conducted via the Internet, from recruiting participants, screening, providing the treatment, and collecting the outcome data. The novel aspects of the study were that neither self-help nor any Internetbased treatment has been tested for tinnitus. The following hypotheses were tested: a) that the cognitive behavior therapy would be superior to a waiting-list control condition in reducing tinnitus-related distress, b) that depression and anxiety would decrease as a result of treatment, and c) that a proportion of participants would reduce their tinnitus distress by 50%, yielding considerable clinical improvement.
METHODS

Procedure
Participants were recruited by means of newspaper articles in Swedish national and regional papers and on the Web page of the Swedish Hard of Hearing Association. Web pages for the study were created, including general information about tinnitus, an outline of the study, information regarding consent from the local ethics committee, and an application form (informed consent). Potentially eligible participants applied for participation by completing a screening questionnaire based on a structured interview for tinnitus history and complaints (15) . Further, the screening questionnaire contained questions regarding overall health status and informed consent. Participants had to fulfill the following criteria: duration of tinnitus of at least 6 months, having seen a general practitioner (or ear, nose, and throat physician) on account of tinnitus, age between 18 and 70 years, and tinnitus a severe problem. Given the nature of recruiting participants, it was not possible to obtain audiograms or measures of the tinnitus characteristics by means of tinnitus matchings. The latter have, however, questionable clinical utility (1). Although tinnitus is, with a few rare exceptions, a nonmalignant symptom of hearing loss (4), the study only included participants who had been in contact with a physician because of their tinnitus.
All participants had access to computer, modem, and an Internet 
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connection and could print out the training instructions. Because all participants were Swedish citizens, all information and treatment was presented in Swedish. All registration forms and rating scales were converted into homepages with two different degrees of protection. General information about tinnitus, specific information about the study, and an application form were accessible to all users of the World Wide Web. Rating scales, as well as all other forms, were only accessible with a password, given by E-mail to the participants. In cases when the Internet failed to work or when participants had problems with their connection, the possibility of contacting the experimenters over the phone was given. This only occurred on a few occasions and was related to technical matters. After screening, participants were randomized to either treatment or the waiting-list control group (Figure 1) . Randomization was not stratified and was based on random numbers. Allocation was carried out before any personal E-mail contact with the participants. Waiting-list group participants were informed that they had been randomized to a waiting-list condition and were offered the program later. The first phase will be referred to as the randomized controlled phase and the second 1-year follow-up will be referred to as the uncontrolled follow-up phase.
Given the novelty of the medium and the lack of comparable studies, it was difficult to predict the number of participants needed to establish an effect. However, initially, we estimated that a sample size of 64 would have 80% power to detect a mean difference of 11 (SD 22) on the main outcome measure (the Tinnitus Reaction Questionnaire) (16) at a conventional 5% significance level.
Assessments
Standard self-report measures were used to assess tinnitus-related problems and psychological complaints as primary outcome measures. These assessments were carried out via the Internet at baseline, following treatment, and at 1-year follow-up. Tinnitus problems were assessed on the Tinnitus Reaction Questionnaire (TRQ), which consists of 26 items validated for use in tinnitus treatment research (16) . Wilson et al. (16) reported an internal consistency of .96, a test-retest correlation of r ϭ .88, and a mean score of 32.5 (SD ϭ 22). The TRQ has been translated and validated in the Swedish language, with a Cronbach alpha of .97 and a mean score of 34.5 (SD ϭ 23.9) (17). Depression and anxiety were assessed on the 14-item Hospital Anxiety and Depression scale (HADS), which was divided into its two subscales, HADS-anxiety (HADS-A) and HADSdepression (HADS-D) (18) . The Swedish version of this scale has been used in several previous studies (19) . A population-based study found a mean score of 4.55 (SD ϭ 3.73) on the HADS-A and a mean score of 3.98 (SD ϭ 3.46) on the HADS-D, with corresponding Cronbach alphas of .82 and .90, respectively (20) . This study also reported the percentages of probable cases of anxiety or depressive disorders using a cut-off of 11 points on each of the HADS subscales suggested by Zigmond and Snaith (18) . For anxiety it was 8% and depression 6% (20) . Fear of anxiety-related somatic sensations was measured with the Anxiety Sensitivity Index (ASI), a questionnaire containing 16 items (21). The scale has been translated into Swedish and, in a sample of tinnitus patients, a Cronbach alpha of .92 and a mean score of 17.5 (SD ϭ 12.4) were found (22) . Ongoing research on the use of Web-administered questionnaires suggests that similar psychometric properties are found as when using paper-and-pencil test versions (23) .
In addition, participants completed daily registrations on the computer 1 week before treatment and 1 week immediately after treatment on visual analogue scales (with fixed response alternative 0 -10), rating tinnitus loudness, annoyance caused by tinnitus, control over tinnitus, and quality of sleep.
Cognitive Behavioral Self-Help Treatment A self-help manual was constructed following cognitive behavioral principles (7) . In brief, cognitive behavior therapy is a relatively brief psychological treatment approach directed at identifying and modifying maladaptive behaviors and cognitions by means of behavior change and cognitive restructuring. The self-help manual was derived from previous studies on cognitive behavioral treatment of tinnitus (2, 8) and included 10 components presented in six modules on a weekly basis for 6 weeks. The first week included a treatment rationale and the first step of applied relaxation (tense-relax) (24) . The second week continued the applied relaxation (relax only) and also included positive imagery, sound enrichment by means of external sounds (25) , hearing tactics (26) , and advice regarding noise sensitivity (which is a common problem among tinnitus patients) (15) . The latter two components were optional. Week 3 involved controlled breathing (as part of applied relaxation) and cognitive therapy (7), which was adjusted to deal with negative thoughts and beliefs relating to tinnitus. The module given at week 4 included differential relaxation (24) and behavioral sleep management (27) . In the fifth module, rapid relaxation was presented (24) , as was advice regarding concentration difficulties, exercises of concentration (mindfulness), and advice on physical activity. The final module at week 6 included continued practice of applied relaxation, relapse prevention, and a summary of the contents of the treatment program.
All modules involved homework assignments and weekly reports on a report Web page to be submitted weekly. Participants were encouraged to ask questions regarding the treatment, and all queries were answered as promptly as possible by the investigators depending on their area of expertise. When submitting a week's report, the participant was sent an encouraging E-mail with the instruction to go to the next module.
Statistical Analysis
Results were analyzed with the statistical package STATISTICA for Macintosh (version 4.1). Confidence intervals were calculated for within-group differences and t tests for differences between change scores. 2 was used to test differences between the groups and repeated measures analysis of variance for testing within-group differences. Outcome variables were checked for skewness and kurtosis and were acceptable. Figure 1 . A total of 117 participants fulfilled entry criteria and completed assessments before treatment. Of these, 66 completed full assessments after the treatment period and 51 part of assessment. The nonresponse rate was 27 in the treatment group (51%) and none in the waiting-list group. At the 1-year follow-up, 96 participants (82%) completed questionnaire measures. At this point, two participants had to be excluded because of change of E-mail address and could thus not be located in the data matrix. There were 50 participants in the waiting-list group and 46 in the treatment group in the follow-up.
RESULTS
Details of recruitment are presented in
Patient Characteristics
Baseline characteristics of the 117 participants are presented in Table 1 . There was no statistically significant between-group difference at baseline. When using the
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cut-off of 11 points (18) for detection of probable cases, a 23% (N ϭ 27) prevalence of anxiety and a 15% (N ϭ 18) point prevalence of depression were found.
Efficacy of Treatment
Mean scores at baseline, posttreatment, and at follow-up are presented in Table 2 . Included are change scores (Ϯ95% CI), ie, pretreatment minus posttreatment and pretreatment minus follow-up, and t tests for between-group differences in change scores. Also included are repeated measures ANOVA at follow-up for the whole group and for both groups separately. For the treatment group in the randomized controlled phase, statistically significant differences in change scores were found on all measures except for quality of sleep ratings, for which CIs overlapped zero. In addition, the treatment group differed from the waiting-list control group on all measures except sleep ratings, on which no improvements were found. The strongest effects on the questionnaires were found on the TRQ and on the HADS-depression scale. On the diary ratings, tinnitus annoyance decreased the most.
At the 1-year uncontrolled follow-up phase, a statistically significant repeated measures effect was found on the TRQ for both groups, but apart from that, improvements were only found in the treatment group. All control participants had been offered the program by then, but their progress was not monitored. The effect on the ASI did not remain statistically significant, but apart from that scale, improvements were sustained for the treatment group.
Clinically Important Improvement Clinically significant improvement was defined as a 50% reduction of the total score on the TRQ. Using this criterion, 7 of 24 (29%) individuals in the treatment group and 2 of 48 (4%) individuals in the waiting-list group reached clinical significance at posttreatment. The difference was significant by means of a chi-square test ( 2 ϭ 9.14, df ϭ 1; p ϭ .003). At 1-year follow-up, the proportion of the total sample showing a clinically significant improvement was 27/86 (31%), with 28% in the treatment group and 34% in the waiting-list group improving. The difference was not significant ( 2 ϭ 0.38, df ϭ 1; p ϭ .54).
A more conservative assessment of clinical significance is to include the dropouts (intention-to-treat). Counting these as treatment failures, the percentage of clinically improved cases decreases to 7 of 53 (13%) at the controlled randomized phase and 27 of 117 (23%) of the full sample at the 1-year uncontrolled follow-up phase. No significant differences between the groups were found at either posttreatment ( 2 ϭ 1.14, df ϭ 1; p ϭ .29) or at the 1-year follow-up ( 2 ϭ 2.6, df ϭ 1; p ϭ .16).
Dropouts and Delayed Responders
During the first phase of the study, E-mails were sent to the potential dropouts in order to probe for the causes for dropping out or being delayed. A majority of responders replied that the main cause for dropping out or being delayed was lack of time (N ϭ 22), and four participants had just recently begun working with the modules. Additional comments were that the program had been too fast, that there was a lack of peace and quiet at home to do the exercises, and that they had just not been sending in any reports and were still working with the program. A few comments concerned the negative aspects of the program such as being impersonal and that the program was too extensive. Unpaired t tests revealed no significant differences between the completers and the nonresponders of the first randomized controlled phase of the study on any of the pretreatment measures (all p values Ͼ .05). Although the response rate was higher in the WLC group in the first phase, at the 1-year uncontrolled follow-up, the groups did not differ in response rate ( 2 ϭ 1.45, p ϭ .23).
DISCUSSION
Participants receiving CBT via the Internet improved to a greater extent than a control group on a waiting list. 
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Improvements were found on tinnitus-related distress, depression, anxiety, anxiety sensitivity, and diary ratings of annoyance caused by tinnitus. Significantly more participants in the treatment group showed an improvement of 50% on the TRQ. A high nonresponse rate was initially observed in the treatment group in the controlled randomized phase. In the uncontrolled follow-up phase, several participants were brought back into the fold and results suggest that the improvement was maintained for a proportion of participants. There are no previous similar tinnitus studies with which to compare the result, and the only direct comparison that can be made concerns an Internet-based study on headache (14) , in which 50% of the treated participants reached a 50% reduction in headache activity (clinical significance). The efficacy of self-administered treatment for benign headache is well established, but for tinnitus, there is no controlled study relying on self-help only. Therefore, it was expected to find effects in the headache study, but it was less obvious that decreases of tinnitus-related distress would be found in this study. CBT has been found to convey relief from tinnitus (9) , but previous studies have included face-to-face treatment, either individually or in groups.
This study represents a novel way to conduct empirical trials, and there are caveats that need to be corrected in future trials. The most evident is the initially high rate of participants not responding to the posttreatment questions. One potential influencing factor might be that participants recruited via the Internet differ from those in ordinary studies. A tendency for Internet users to be disinhibited has been observed (28) , and it might be that it is easier to send in E-mail than it is to respond to an advertisement via telephone or letter. This can influence the decision to drop out or delay starting the program when confronted with the demands associated with the treatment. As seen in Figure 1 , most of the dropouts/late responders occurred at the beginning of the treatment, and we need to consider if we have set the bar too high when we regard these participants as dropouts. When we asked the participants to state the causes for their dropout, the most common one was lack of time. In addition, the 1-year uncontrolled follow-up showed that many of the dropouts most likely started their treatment later and even after the posttreatment assessment. In an ongoing replication study, we have assessed treatment credibility and have found that tinnitus patients rate Internet treatment as credible, but we do not know if this was the case in the present study. Another influencing factor might be interaction with the therapists. Participants had the possibility of contacting us during the whole course of the study, and many did so via E-mail, but the treatment manual could be constructed to foster continuous interactions at each step of treatment. Finally, inclusion criteria can be more conservative and participants could be asked to complete a pretreatment phase before inclusion in the study.
How representative our study participants are in comparison with clinically recruited samples can be debated. Although a majority of Swedish citizens have access to the Internet, we do not know if this is the case with tinnitus patients. However, when recruiting the participants to the study, articles appeared in Swedish newspaper journals and in the journal of the Swedish Hard of Hearing Association. Although all participants were selfrecruited and not randomly selected, it is likely that we reached a broader range of tinnitus patients, at least geographically, than we do when recruiting participants locally. Finally, recent clinical application of the same treatment as presented here has shown that regular clinic patients can be helped when they receive the treatment as an option when seeking help for their tinnitus (ie, those who have not been self-recruited to participate in an Internet study). In clinical practice, we do not treat patients without prior consultation because this is incompatible with the health-care system in Sweden. Although our study protocol was approved by the local ethics committee, there is concern that the lack of any independent mechanism of verification might influence the results. So far, we have conducted several controlled trials on Internet-based self-help, and to the best of our knowledge, we have not had any problem with unsolicited participation. Future studies should be designed so that unsolicited participation is prevented. It is worth restating that participation is time consuming and that an individual would have little to gain from misrepresenting aspects such as age and history. In addition, the inclusion criterion we used regarding prior medical consultation for tinnitus was concealed in the sense that the question was asked without any information that it would serve as an exclusion criteria. As seen in Figure 1 , 11 potential participants were excluded for that reason.
Psychological treatment for tinnitus is not aimed at eliminating the tinnitus; rather, reduced annoyance is the goal (9) . Less than a third of the treated participants achieved substantial improvement (50%), but our impression from E-mails is that a majority of completers found the treatment to be beneficial. At this stage, it is not possible to discern differential effects of the treatment ingredients. Studies should be designed for this purpose to dismantle differential effects of different components. In order to be able to determine if the Internet can be used more regularly, there is a need to compare Internet treatment with ordinary treatment within the same study.
Providing treatment via the Internet has advantages over self-help books in that advice can be given on a continuous basis without delay. In comparison with ordinary treatment, it is cost effective and it also makes the INTERNET TREATMENT OF TINNITUS treatment available to persons living far from the specialist center. However, we do not regard Internet treatment as an alternative but rather as a complement to tinnitus management at the home clinic. It is likely that the Internet expansion will result in more Internet applications of previously tested CBT treatments and other clinical applications (29 -31) . However, doing controlled trials via the Internet may be more difficult than we expected when we began. The treatment program must be read carefully step by step, and the homework must be done for the treatment to have any effect. It is likely that participants in a treatment trial via the Internet have to be monitored closely (eg, by means of telephone calls), and potentially a proper screening of motivation would result in a better response. We conclude that the Internet can be used as an adjunct treatment tool for tinnitus sufferers and that there is a need to further develop and evaluate Internet-based treatments.
